We report the discovery of a wide brown dwarf companion to the mildly metal-poor ([Fe/H]=-0.24), low galactic latitude (b=1.88
Introduction
The identification of a large sample of field L and T dwarfs over the last ≈15 years has progressed from individual discoveries to large samples of hundreds of objects. Yet in contrast to the tremendous advances made in spectral classification (e.g. Kirkpatrick 2005) , accurate determination of the physical properties of ultracool dwarfs remains an unfulfilled goal. One inherent difficulty originates from the fundamental nature of substellar objects. In the absence of sustained internal energy generation, the temperatures, luminosities, and radii for substellar objects of a given mass steadily decline with age -thus diagnosing physical properties from photometry and spectroscopy is more complicated than for main-sequence stars, which maintain much more constant properties over their lifetimes. In addition, theoretical modeling of emergent fluxes and spectra at such low effective temperatures ( 2500 K) is challenged by uncertainties in the treatment of dust, clouds, molecules, and chemistry.
To help overcome these difficulties, the rare subset of brown dwarfs known as "benchmarks" is highly valued. This designation is commonly used for any brown dwarf with some physical properties much better constrained compared to field objects. Given that three fundamental quantities (e.g., luminosity, temperature, and age) are needed to primarily determine a brown dwarf's physical state (ignoring metallicity), a sharper definition would be any object for which two fundamental quantities are well-constrained. As described in Liu et al. (2008) , substellar benchmarks can be naturally distinguished into "mass benchmarks" and "age benchmarks", where the mass or age, respectively, are well-constrained. Mass benchmarks are ultracool binaries with directly determined distances (and hence luminosities) and dynamical masses. In these binaries, the remaining main properties (temperature and surface gravity) can be very precisely constrained using evolutionary models. However, given the long orbital timescales ( 10 yr), the current sample of mass benchmarks for the L and T spectral classes is limited to five systems (e.g. see compilation in Dupuy & Liu 2011 ).
2
Ample age benchmarks at hotter temperatures (spectral types of late-M to early-L) have been found in young ( 1-100 Myr) clusters (e.g. Moraux et al. 2003; Slesnick et al. 2006; Lodieu et al. 2007) , where the distances and stellar ages are very well-known, and thus the luminosites and ages of the brown dwarfs are as well. However, open clusters with ages comparable to the field population ( Gyr) are largely dynamically depleted of substellar objects (e.g. Bouvier et al. 2008 ).
Thus, the search for field benchmarks has largely focused on brown dwarfs found as companions to stars (e.g., see compilation in Faherty et al. 2010) . In this case, the ages of the primary stars can also be attributed to their brown dwarf companions, though their typical age uncertainties lead to poorer constraints compared to brown dwarfs in short-period binaries or open clusters. Three T-dwarf companions have been found at small angular separations through adaptive optics imaging, including the archetype Gl 229B (Nakajima et al. 1995) , GJ 758B (Thalmann et al. 2009 ), and SCR 1845−6357B (Biller et al. 2006) . Nine other T dwarfs have been found at much wider separations around main-sequence stars from wide-field survey data: GL 570D (Burgasser et al. 2000) , HD 3651B (Mugrauer et al. 2006) , HN PegB (Luhman et al. 2007 ), Wolf 940B (Burningham et al. 2009 ), Ross 458C (Goldman et al. 2010) , HIP 63510C (Scholz 2010) , HIP 73786B (Scholz 2010 , Murray et al. 2011 , ǫ Indi Bab (Scholz et al. 2003; McCaughrean et al. 2004 ), Gl 337CD (Wilson et al. 2001; Burgasser et al. 2005) . Albert et al. (2011) identify CFBDS J022644−062522 as a possible wide companion to HD15220 but while the secondary's spectroscopic parallax places it at a similar distance to the primary, the proper motion determination on the secondary is currently not accurate enough to confirm companionship. Additionally, LSPM 1459+0857B (Day-Jones et al. 2011 ) and WD 0806−661b (Luhman et al. 2011 ) have been identified as wide companions to white dwarfs, the latter of which is much cooler than any known T dwarfs but has not yet been spectrally classified.
Wide-field surveys represent fertile ground for identifying benchmarks. Most wide benchmark companions have resulted from large-area searches for free-floating ultracool dwarfs, which are then realized to be comoving with higher mass stars. More limited efforts have been carried out to expressly identify wide benchmarks around well-defined samples of primary stars (Pinfield et al. 2006; Day-Jones et al. 2008) . With a sufficiently large sample of benchmarks, it may be possible to provide a direct empirical calibration that ties the underlying physical parameters (e.g., age and temperature) to observable brown dwarf properties (e.g. Pinfield et al. 2006) . To this end, the Pan-STARRS1 (PS1) Telescope (Kaiser et al. 2010 ) is a welcome addition to help boost the census of benchmark brown dwarfs.
Situated on the summit of Haleakalā on the island of Maui in the Hawaiian Islands, PS1 will be the leading multi-epoch optical survey facility over the next several years. PS1 is the first of four planned 1.8-meter telescopes that will comprise the Panoramic Survey Telescope And Rapid Response System (Kaiser et al. 2002) . Full science operations with PS1 began in May 2010, and fabrication of the second telescope (PS2) has already begun.
So far, commissioning and regular survey data have been used to search for Trans-Neptunian Objects (Wang et al. 2010) , T dwarfs (Deacon et al. 2011 , Liu et al. 2011a ) and supernovae (e.g. Botticella et al. 2010 ). The telescope is executing several astronomical surveys of varying depth, area, cadence, and filter complements. The most interesting of these for discovering free-floating and companion brown dwarfs is the 3π Survey, which is scanning the entire sky north of δ = −30
• (3π steradians) in five filters (g P 1 , r P 1 , i P 1 , z P 1 and y P 1 ; Stubbs et al. 2010 , Tonry 2011 at six separate epochs over 3.5 years, with each epoch consisting of pairs of exposures taken ≈25 min apart. These multiple epochs and the use of the 0.95-1.03 µm y P 1 band make the survey well-suited for identifying nearby cool objects such as brown dwarfs by their proper motions and parallaxes (Magnier et al. 2008 , Beaumont & Magnier 2010 .
In this paper, we present the discovery of a T4.5 dwarf around the K4V star HIP 38939 found from a dedicated search for wide late-L and T dwarf companions using the PS1 and 2MASS. In § 2, we describe our mining of these datasets to search for companions to mainsequence stars with proper motions from Hipparcos. Spectroscopic confirmation is presented in § 3. In § 4 we examine the physical properties of our new discovery, along with a look at the total compilation of benchmark T dwarfs now known.
Identification in PanSTARRS1 + 2MASS data
Pan-STARRS1 began full survey operations in May 2010. Hence for a given filter and location on the sky, the current 3π survey data consist of only one pair of images taken at the same epoch or multiple pairs separated by a short time baseline. So we can use these data for studies of nearby brown dwarfs, we have undertaken a proper motion survey by combining PS1 data with those from 2MASS (Skrutskie et al. 2006 ). This method was used to identify new T dwarfs in Deacon et al. (2011) . We constructed a database of high proper motion objects containing all PS1 3π survey commissioning and survey data taken from the beginning of February 2010 to the end of January 2011. This was done by identifying PS1 y P 1 objects with no 2MASS detection within one arcsecond. We required that the PS1 object was detected on at least two images, was classified as a good quality point source detection, and had a photometric error less than 0.2 magnitudes in the y P 1 band. The double detection requirement excludes contamination due to asteroids and reduces the number of instrumental artefacts. These objects are then paired with 2MASS J-band point sources which had an A, B or C photometric quality flag designation (corresponding to S/N>5), which were within 28 ′′ and which had no corresponding PS1 detection. This pairing radius was chosen to allow the detection of objects with proper motions up to 2 ′′ /yr given the 14-year maximum epoch difference between PS1 and 2MASS.
To identify companion objects to nearby stars, we ran queries on our proper motion database around all stars in the Hipparcos catalogue (Perryman et al. 1997) . We chose stars with proper motions above 0.1 ′′ /yr and parallaxes more significant than 5σ. We searched for companions with projected separations less than 10,000 AU at the distance of the Hipparcos star. Each candidate was further filtered to have proper motion vectors within 5σ of the primary assuming a nominal accuracy of 16 milliarcseconds per year 3 in each coordinate for our proper motions and errors from Perryman et al. (1997) for the primary. We then picked out candidate ultracool dwarfs using the color selections found in Deacon et al. (2011) which are sensitive to late-L and T dwarfs. These are y P 1 − J > 2.2, J − H < 1.0 and z P 1 − y P 1 > 0.6 with no corresponding R or I band detections in SuperCOSMOS (Hambly et al. 2001) or USNO-B (Monet et al. 2003 ) brighter than 20.5 and 18.5 magnitudes respectively. No Galactic latitude cut was applied. Taking into account area lost due to gaps between chips in the PS1 camera and areas of multiple coverage where these gaps can be filled in, we searched 16,900 sq.deg. After examining 1008 candidates by eye to remove spurious associations and objects with clear but uncatalogued companions in the USNO-B photographic plate images 380 candidates remained. Of these, our clearest late-type candidate was a companion to HIP 38939 (a.k.a. CD-25 5342, GJ 9246, HD 65486, NLTT 18729, SAO 174889). We have not yet completely followed up our remaining candidates, hence this work to date should not be considered a complete survey for late-type companions to Hipparcos stars. Details of the companion are shown in Table 1 . Its proper motion is a good match to that of the primary, differing by 1.5σ. At the distance to the primary (18.5±0.4 pc; van Leeuwen 2007) the angular separation of 88 arcseconds means a projected separation of 1630 AU. Finder charts are shown in Figure 1 . The relatively dense field is due to the low Galactic latitude of HIP 38939 (b = 1.88
• ). This explains why the object has gone undiscovered until now, as most brown dwarf surveys have avoided the Galactic plane. h Casagrande et al. (2010) i This work, evolutionary models, see Section 4.2. j This work, atmospheric models, see Section 4.3.
Data from other surveys
HIP 38939B does not appear in Data Release 8 of the Sloan Digital Sky Survey (Aihara et al. 2011) and is too far south to appear in the UKIDSS Galactic Plane Survey (Lucas et al. 2008) , the IPHAS (Drew et al. 2005) or UVEX surveys (Groot et al. 2009 ). The object falls in the area of the WISE (Wright et al. 2010 ) Preliminary Data Release but has no detection in the catalogue. However visual inspection indicated there was a bright W 2-band object at the PS1 position of the source. We retrieved FITS images from the WISE database and ran SExtractor (Bertin & Arnouts 1996) on the area. We then used the WISE catalog magnitudes for other objects in the field to calculate the zero points of the images. The W 2 magnitude for this HIP 38939B is 13.82 ± 0.04 mag, with a distance of 0.6
′′ from the 2010.0 position. In the W 1-band there is a faint (W 1 = 15.54 ± 0.13 mag) object 4.8 ′′ away from the PS1 position which appears to be blended with another object of similar magnitude (see Figure 1 ). Hence we could not determine an accurate W 1-band magnitude for HIP 38939B.
Likelihood of chance alignment
We searched for companions around 9363 nearby Hipparcos with projected separations less than 10,000 AU. The sum of these search areas around our stars comes to 260 sq.deg. The dwarfarchives.org website 4 reports 90 T dwarfs known to an approximate 2MASS depth of J ∼ 16.5 (about 1 per 400 sq.deg.). Hence there is a reasonable chance that one field T dwarf will appear within our search area by coincidence. The probability of a random object having the same proper motion as HIP 38939A was estimated by taking objects from our high-speed Pan-STARRS1-2MASS catalogue within one degree of the primary and estimating what fraction had a similar proper motion to the primary. Only 5 out of 31349 objects had proper motions within 5σ. Hence we believe (assuming the velocity distribution of T dwarfs is not substantially different from that of objects in the HIP 38939 field) that the probability of an unassociated T dwarf having the same proper motion as the primary is <0.02%.
Spectroscopy
Spectroscopic confirmation of HIP 38939B was obtained using the SpeX spectrograph on the NASA Infrared Telescope Facility on Mauna Kea on 31 March 2011 UT. Observing conditions were clear with good seeing. We used the low resolution, single-order prism mode to obtain a 0.8 − 2.5 µm spectrum. Observations were made at an airmass of 1.89 using the 0.5×15 arcsecond slit, yielding a spectral resolution of ∼120. The total integration time was 960 seconds. The slit was oriented at the parallactic angle to minimize atmospheric dispersion. We nodded the telescope in an ABBA pattern with individual exposures of 120s. The spectra were extracted, wavelength calibrated and telluric corrected using a contemporaneously observed A0V star in the SpeXtool package (Cushing et al. 2004 . The final reduced spectrum is in Figure 2 . Fig. 2. -The near-infrared spectrum of HIP 38939B. The absorption bands characteristic of a T dwarf can clearly be seen. Note the spectrum has been normalized to its maximum value.
Spectral Classification
We assigned a near-IR spectral type for HIP 38939B using the flux indices of Burgasser et al. (2006b) and the polynomial relations of Burgasser (2007a) . The spectrum was also visually inspected by comparing with IRTF/SpeX prism spectral standards from Burgasser et al. (2006b) . In this process the spectrum was normalized to the peak fluxes of the standards in the J, H and K bands individually and the depth of the H 2 O and CH 4 absorption bands were examined. These spectral indices are shown in Table 2 . From visual comparison, we find the best fitting spectral type is T5: our spectral index measurements indicate a type of T4.5. We allow our spectral index measurement to take precedent over the visual comparison and we assign a spectral type of T4.5.
From our spectrum we synthesized a color term between the MKO and 2MASS J bands. This gave a J band magnitude in the MKO system (Tokunaga et al. 2002) of 15.90±0.08 mag. We then used this combined with an average of the bright and faint spectral type to absolute magnitude relations in Liu et al. (2006) to estimate a photometric distance to HIP 38939B of 20.8 In order to properly characterize HIP 38939B we must constrain its age by estimating the age of its primary. One of the key estimators for the ages of F, G and K type star is chromospheric activity (Wilson 1963 , Soderblom et al. 1991 , Donahue 1998 , Mamajek & Hillenbrand 2008 . This is the by-product of the faster rotation rates of younger stars which drive correspondingly more active dynamos and hence higher chromospheric activity. The chromospheric activity is characterised by the emission in the calcium H and K lines and is typically expressed as, R
Where R phot is the photospheric contribution to the flux in the Calcium H and K lines, and,
Here C cf is a correction factor dependent on color (Middelkoop 1982 , Noyes et al. 1984 and S is a ratio of spectral indices in the H and K lines to continuum indices as defined by Vaughan et al. (1978) . Gray et al. (2006) classify HIP 38939A as being "active" meaning it has a log 10 R ′ HK value between −4.75 and −4.2. Wright et al. (2004) measure the mean S value of the object to be 0.757, but due to concerns about calculating the correction factor do not measure an age. We use the relations in Noyes et al. (1984) to calculate that C cf = 0.314 based on B − V = 1.06 (Koen et al. 2010 ). As Noyes et al. (1984) suggest that the photospheric contribution to the Calcium H and K emission for stars redder than B−V = 1.0 is negligible, we assume R phot = 0. Hence we derive a log 10 R ′ HK value of −4.5. Comparing to individual cluster datasets from the 680 Myr old (Perryman et al. 1998) Hyades (Soderblom 1985) and the 500 Myr old Ursa Major moving group (King et al. 2003) , we find that HIP 38939A has chromospheric emission consistent with the ages of these two young clusters/associations. However we find that our activity value is not a good fit when compared to data from the younger (100-120 Myr Martín et al. 1998 ) Pleiades (Soderblom & Mayor 1993 ).
The most current age-activity-rotation relation is that of Mamajek & Hillenbrand (2008) which unfortunately does not apply to stars redder than B − V = 0.9. Using the earlier relation of Donahue (1998) we derive an age of 870 Myr. Donahue (1998) estimates a spread of 0.5 dex for the age of the Sun from a single measurement of the chromospheric activity at any point across the solar cycle. This value is consistent with the results for younger, coeval binaries and is larger than the intrinsic variability of 13% quoted by Wright et al. (2004) for their S values. Hence we assign errors to the Donahue value of 900± 1900 600 Myr. Another indicator of stellar activity and hence youth is X-ray emission. We searched the ROSAT Faint Source Catalogue (Voges et al. 2000) and identified an extremely faint source 18 ′′ away from HIP 38939A. This distance is slightly larger than the quoted ROSAT 1σ positional uncertainty for this source of 15 ′′ . As there is always the possibility of association with an unrelated source, we carried out the following calculation. There are 25 ROSAT sources within 3 degrees of the primary. This corresponds to a surface density of 0.88/sq.deg. If we assume a ROSAT source has to be within 30" of the primary to be associated then the probability of a chance alignment is 0.02%. Hence we assume the X-ray source is associated with HIP 38939A. The source has X-ray counts of (3.66 ± 1.48) × 10 −2 s −1 and a hardness ratio of HR1 = −0.76 ± 0.27. Using the relations of Schmitt et al. (1995) we calculate an X-ray luminosity of L X = (6.43 ± 3.37) × 10 27 ergs/s. Casagrande et al. (2006) derive a bolometric luminosity of 0.175 L ⊙ for HIP 38939A. From this we calculate a fractional X-ray luminosity R X = log(L X /L bol ) = log((9.55 ± 5.00) × 10 −6 ). Using the X-ray luminosity -age relation from Mamajek & Hillenbrand (2008) , we derive an age of 900± 1600 600 Myr taking in to account both the measurement errors on the X-ray flux and the quoted 0.4 dex uncertainty in the age relation. While this is a low significance X-ray detection, we note that the X-ray derived age is in agreement with those derived from calcium H and K emission.
Comparison of HIP 38939B with evolutionary models
We derived the bolometric luminosity for HIP 38939B by converting the 2MASS Jband magnitude into the MKO system using a color term synthesized from our spectrum, converting to absolute magnitude using the Hipparcos parallax for the primary and applying the bolometric correction relation found in Liu et al. (2010) . This resulted in a bolometric magnitude of M bol = 17.04 ± 0.18 mag. We then compared the range of ages derived for the primary along and our calculated M bol to the evolutionary models of Burrows et al. (1997) . Figure 3 shows where the secondary lies in comparison with these evolutionary models. Table 3 also shows the values of various parameters for different ages. Additionally we ran a Monte Carlo simulation with our calculated bolometric magnitude and with a uniformly distributed range of ages derived from the primary. The results for these are also shown in Table 3 .
Comparison with atmosphere models
Atmospheric models provide an independent means of deriving the physical properties of HIP 38989B. We fit the solar metallicity BT-Settl-2010 models ) to our SpeX spectrum following the procedures in Cushing et al. (2008) and Bowler et al. (2009) . The grid of models spans effective temperatures between 500-1500 K (∆T eff =100 K) and gravities between 10 4.0 -10 5.5 (cgs; ∆log g=0.5). The SpeX spectrum was first flux calibrated Fig. 3 .-Our derived age and bolometric luminosity for HIP 38939B plotted against the evolutionary models of Burrows et al. (1997) . The blue-colored hatched areas indicate the constraints on the parameters given the uncertainties on M bol and the age of the primary. The solid lines represent isochrones with the annotated values of log(age). The two unmarked isochrones at the bottom are log(age)=8.0 and 7.7. The dashed lines are lines of equal mass with the appropriate values noted on the right-hand side of the plot. See Table 3 for more details on the individual masses for each particular age and the Monte Carlo simulated parameters.
to the 2MASS J-band photometry and then fit between 0.8-2.4 µm in a Monte Carlo fashion. The 1.60-1.65 µm region was excluded from the fits because the methane line list in the models is incomplete at those wavelengths (e.g., Saumon et al. 2007 ). For each Monte Carlo trial we alter the flux calibration scaling factor and SpeX spectrum by drawing random values from normal distributions based on photometric and spectral measurement uncertainties, respectively. We then fit the grid of models to each artificial spectrum and repeat the process 10 3 times.
The best-fitting BT-Settl-2010 model has T eff =1100 K and log g=4.5 5 . This is in good agreement with the evolutionary model predictions of T eff =1090 +70 −60 K and log g=5.0±0.3 especially considering the coarse gridding of the atmospheric models. In Figure 4 we show the flux-calibrated SpeX spectrum along with photometry from PS1 (y P 1 and z P 1 bands), 2MASS (J, H, and an upper limit on K S ), and WISE (W 2). The monochromatic flux densities agree well with the spectrum between 0.8-5 µm. The best-fitting atmospheric model provides a good match to the spectrum except at ∼1.15 µm, 1.65 µm, and 2.15µm, which correspond to absorption features from CH 4 .
Using our SpeX spectrum together with the J-band photometry measured by 2MASS, we also synthesize photometry of HIP 38989B in the 2MASS H and K s bands and our spectral measurement errors. The synthesized magnitudes for 10 4 Monte Carlo trials are H=15.98±0.08, and K S =16.09±0.08 mag. The H band synthetic magnitude is within 2σ of the 2MASS measurement, which is near the detection limit of the survey. The synthesized colors are J − H=0.139±0.003, H − K S =-0.104±0.006 and J − K S =0.03±0.006 mag. The uncertainties in the synthesized colors are much smaller than the magnitudes because they only include spectral measurement uncertainties.
The population of benchmark brown dwarfs
As noted in Section 1, brown dwarf binaries can be used to test atmospheric and evolutionary models of substellar objects. Atmospheric models of brown dwarfs will not fully match the shape of observed spectra due to missing opacity lists for H 2 O, CH 4 and NH 3 . In order to produce a more complete picture of how these models compare with the growing population of benchmark brown dwarfs, we compiled a list of all T dwarf companions with effective temperatures derived from both model atmospheres The comparison between the observed SpeX spectrum (black) and photometry (green circles for data points, green triangles for upper limits) and the best fitting model atmosphere (red) from the BT-Settl-2010 models ). The spectrum is flux calibrated using the J-band photometry from 2MASS. The magnitude to flux conversions used the zeropoints and effective wavelengths from Rieke et al. (2008) and Wright et al. (2010) for 2MASS and WISE respectively, and the PS1 image processing pipeline AB zeropoints and the effective wavelengths from Tonry (in prep) . for the PS1 data. The horizontal error bars represent the filter bandpass. The WISE 4.6 µm point is consistent with the best-fit model atmosphere, which assumes chemical equilibrium (no vertical mixing). Upper right: The χ 2 ν contours for the comparison between the models and the observed spectrum, the contours represent values of 70, 100, 150, and 250. The best fitting model (1100 K, log g=4.5) is shown as a yellow star with the blue star and error bars representing the results of Monte Carlo calculations based on the evolutionary models of Burrows et al. (1997) . The two agree within the stated error in T ef f and differ by only one grid-point in log g. When the region of the spectrum from 1.6-1.65 µm(previously excluded due to incomplete model line lists) is included, the best fitting gravity moves to log g=5.5. This is still within one grid point of the evolutionary model calculations. Lower right: The different radii as a fraction of the radius of Jupiter from the model atmosphere fitting.. See Bowler et al. (2009) for details on this method. and evolutionary models. In order to be included, an object had to have an effective temperature derived from its bolometric luminosity and a separate temperature derived from model atmosphere fits to the observed spectrum. These are listed in Table 4 along with the models used for each calculation. The two temperatures for each object are plotted against each other in Figure 5 . Evolutionary models depend on atmospheric models to set their boundary conditions. In many of the comparisons we make, the evolutionary model boundary atmosphere is different from that used to derive the atmospheric effective temperature. In cases where the same atmospheric model is used this has been noted in both Figure 5 and Table 4 . Many of our objects have evolutionary model effective temperatures derived from different sources. Table 4 shows that there is no significant difference between the derived temperatures. Luhman et al. (2007) use Burrows et al. (1997) and Baraffe et al. (2003) evolutionary models to derive effective temperatures for HN Peg B and HD 3651 B finding that there is no significant difference between the two. There appears to be a bias towards lower temperature objects having atmospheric temperatures which are higher than those derived from evolutionary models. It should be noted that the best fits for these objects are those from the most recent models, BT-Settl 2010 for Ross 458C Burningham et al. (2011) , fits to Saumon & Marley (2008) by Burgasser et al. (2010) and a set of models calculated by Saumon for Leggett et al. (2010) 's study of Wolf 940B. Dupuy et al. (2010) noted that atmosphere models for late-M dwarfs also predict higher temperatures than the evolutionary models. 
Conclusions
We have discovered a T4.5 companion to the nearby K4V star HIP 38939 using Pan-STARRS1 and 2MASS data. We estimate the age of the primary as 900± 1900 600 Myr from which we deduce that the companion has a mass in the range 38±20 M Jup . The effective temperatures and surface gravities derived from model atmosphere fitting and evolutionary models are consistent. Given its close proximity to Earth (18.4 pc), this object will be a high priority target to identify if it itself is a binary. Such objects are of great importance for testing physical models of brown dwarfs . This discovery indicates Pan-STARRS1 data can be used to explore crowded regions of the sky such as the Galactic plane often ignored by other studies. In the future the wide-field, multi-epoch nature of the Pan-STARRS1 3π survey will lead to a well-defined sample of wide substellar companions to nearby main sequence stars.
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